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ABSTRACT
A lightweight device, designed to supply inspired air at 12.8% 07 concentration
(P02 equivalent to 3900 m altitude) by recirculating a portion of each expired
breath after C0> removal, was tested at sea-level for its ability to induce
altitude acclimation. Twelve young men (experimental group) breathed from the
device for 7.5-8 h each day for |0 successive days. On the morning of day |,
inspired 0o concentrations averaged 12.8%, as intended, but increased by
noontime and remained elevated thereafter. This raised the average hypoxic
stimulus to 13.8 + 0.9 % (P02 equivalent to 3370 + 517 m altitude) for the
entire 10-day period. Ten other young men (control group) breathed normoxic
air from a placebo device of identical appearance on the same schedule. 0On the
tenth day, both groups were exposed for 2 days to 4500 m altitude in a
hypobaric chamber to assess the effect of the treatment on acute mountain
sickness (AMS). After the sea level treatment, the experimental group showed
no significant differences from control in resting ventilatory rate,
respiratory frequency or end tidal P02, but end-tidal PCOy was lower; there was
no indication of hemoconcentration. At altitude, both groups showed the
expected decreases in end-tidal POy and PCO2, and increases in hemoglobin
concentration and hematocrit indicative of hemoconcentration, with no
differences between them. Neither incidence nor severity of AMS differed
significantly between groups, but the experimental group had a lower incidence
rate than historical controls. The cause of the decrease in the sea-level
treatment stimulus from 3900 to 3370 m could not be determined from the

experimental data. It was clear, however, that administering such a stimulus

for 8 h each day, even for |0 successive days, was not sufficient to induce any




meaningful degree of acclimation to 4500 m or to induce any beneficial

ventilatory or hematological responses to that altitude.

Index Terms: altitude acclimation, rebreathing device, hypoxic stimulus,

ventilatory and hematological responses.




1
INTRODUCTION
Acute mountain sickness (AMS) is a debilitating and occasionally
fulminating illness experienced within |-4 days by individuals ascending

directly to altitudes above 3000 m. Symptoms of AMS, although not unique to
that disorder, form a definable constellation including: headache, nausea,
with or without vomiting, loss of sppetite, sleeplessness, breathlessness and
dizziness at rest, irritability, lassitude and general malaise (3,9,13).
sywptoms usually develop within the first 4 days, either right after initial
ascent to high altitude or upon subsequent ascent to a higher one, and usually
resoive spontaneously within a few days to a week. Incidence rates and
severity of AMS appear to be a function of both elevation and rapidity of
ascent (10,13). Because uncomplicated AMS can be severe enough to disable its
sufferer and complicated AMS can progress to the potentially fatal pulmonary
and cerebral edemas of high altitude (10), prevention or palliation of the
incapacitating symptoms is desirable (9). At present, the most effective
method to prevent or limit AMS symptomatology is staging (2-4 day residences
after every 500-1000 m of elevation increase, beginning at 2500 m) (9). This
technique allows the body to partially acclimate to each successive altitude,
but requires adequate time, transportation, and staging sites at the
appropriate elevations. Adjuvenant drug therapy is also useful: acetazolamide,
500-1000 mg/day, for 2 days before and 2 days after ascent, reduces symptom
severity (8) but works best when combined with staging (7). Dexamethasone (4
mg q.i.d., same schedule) is also of marked benefit, albeit not without
potential complications (14,18). It is obvious, therefore, that a regimen

easily administered at sea level which could mimic the acclimating effects of




staging would be very useful to high altitude sojourners, used either by itself
or with adjuvenant drug therapy.

Recently, clever devices have been developed for physical conditioning
which reduce the 0 content of inspired air below ambient levels (21). Such a
device appeared to offer some potential for providing a hypoxic stimulus for
acclimation. Accordingly, one such device was modified by its originator
(Inspir Air Corp, Westlake, CA) to provide inspired air of an 0O concentration
equivalent to 3970 + 300 m altitude. This device was then tested to determine
if using it 7-8 h per day for 10 consecutive days would reduce the severity of

AMS during a subsequent 48-h challenge test in an altitude chamber at 4500 m.

MATERIALS AND METHODS

Simulator Functioning: The 4.3 kg altitude simulator, shown in Figure 1,

was worn on the back by means of pack-straps. Inspired air was provided to an
oronasal ansesthesia mask at sub-ambient Oy tensions by the technique of
partial recirculation of the low- 0o expired air. Recirculation was
accomplished by channelling expired air from the mask through a 19 mm ID
flexible tube with a one-way check vaive and past an orifice of fixed size
which vented only part of each exhaled breath to the atmosphere. The remainder
of each exhaled bresth entered a mixing chamber where, during the next
inspiration, ambient air was drawn in through the orifice and mixed with the

expired air by a swirling action imparted by static vanes in the chamber. The

resultant low 02 mixture of expired and ambient sir was then drawn through two
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C0p scrubbing canisters in series (Baralyme, Allied Healthcare Products, St.
) Louis, M0) and into the 19 mm inspired air hose leading to the face mask.
Preliminary tests at sea level showed that 0y tension was a function i
principally of orifice diameter and, to a slight extent, of ventilatory rate as
q oxygen consumption (V02) was increased. During the tests, four pilot subjects
performed repeated bouts of cycle exercise at intensities ranging from sitting
quietly to moderate exercise (V0o from 0.7 to 2.2 Lemin~1). These tests were
used by the simulator’s developer to set the orifice at a fixed size that
produced a mean value of inspired 02 of 12.8% (3960 m altitude equivalent)
during seated rest. The mean 0o value was found to increase to no more than
13.0% (3750 m) at the maximum V0o tolerated by each pilot subject. The upper
tolerance limit was found to lie between 1.8 and 2.2 Lemin-1 and was determined
by the inspired air becoming unacceptably warm due to the exothermic COo
3 scrubbing reaction. Subjects were required, therefore, to limit their physical
y activity to a moderate walking pace (V0o = {.2-1.8 Lemin=!) and to slow down if
the inspired air became uncomfortably warm. It was also determined in these
pilot tests that no C0p breakthrough occurred, even after the scrubber had been
used for 8 hours.

A placebo simulator, used by the control subjects, was the same breathing
device altered to vent all expired air through the main orifice and draw in all
inspired air through a separate, concealed orifice leading to the inspired air
hose. Scrubbing canisters were changed daily for both the actual and placebo

devices. Each subject had his own numbered device, which was disassembled,

. washed and disinfected (benzalkonium chloride, |1:1000 v/v) each evening.
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Subjects: Male soldiers, 18 to 26 years old, were recruited for this
study from two low-altitude locations within the United States. They
voluntarily signed statements of informed consent after receiving detailed
explanations of the procedures and risks involved. Subject nurbers were
randomly assigned to the experimental and control groups by lot; the
experimental group comprised 12 men, while the control group comprised 0.

Sea level phase: The acclimating regimen was structured to be as

realistic as possible, consonant with subjecting the simulators to a fair test
of their ability to induce partial acclimation. To this end, ten consecutive
days were selected as the longest period any climbing group was likely to use
the simulator, just prior to their ascent. Similarly, eight h per day appeared
to be the maximum duration of use, which would still leave time for other
activities mandated by the forthcoming ascent but incompatible with simulator
use (physical training, hauling of equipment, loading of transport, face-to-
face communication, etc.). Fixed breaks were incorporated in the daily
schedule for activities requiring removal of the face mask (liquid intake,
communication with others, and the noon meal).

Subjects donned the simulators no sooner than 1/2 h after breakfast.
Inspired 02 and (02 concentrations were immediately checked with a mass
spectrometer (Perkin-Elmer Model |100A). The device was then used for about 4
h (until lunch break), with a |[|5-min break after 2 h. After lunch, subjects
used the device for 4 h in the afternoon, with another |5 min-break halfway.
02 and CO02 concentrations were also checked at the start and end of the
afternoon. To elevate metabolic and ventilatory rate above resting levels and

also relieve boredom, all subjects walked outdoors in a group on mostly level
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terrain for 90 min each morning and afternoon. Activity levels were sedentary,
otherwise: 90 minutes was spent each morning training for cognitive pencil and
papei tasks to be performed at altitude and the rest of the day was spent
reading, writing, or watching TV.

Altitude Phase: All subjects began two days of exposure in a hypobaric

chamber at 4500 m simulated altitude on the afternoon or evening of the tenth
treatment day. During the exposure, AMS symptomatology was assessed each
morning and evening. Subjects performed a battery of cognitive performance
tasks for 90 minutes each morning (to be reported elsewhere) and had their
ventilatory function assessed each afternoon, as had been done before and after
the sea level treatment period. The remainder of the time was spent watching
TV, reading, card playing, or sleeping. Exposures were terminated on the
afternoon of the second day as soon as all ventilatory function tests were
complete.

Measurements: Respiratory parameters potentially indicative of the

development of ventilatory acclimation to hypoxia were measured before and
after treatment at sea level and on both days at altitude. Resting ventilatory
rate (VE) was measured for 3 min after 5 min quiet sitting, by means of a
direct-reading turbine spirometer (KL Engineering Inc., Model S300-C)
previously calibrated by Tissot spirometry. End-tidal values for PO2 and PCO2
were obtained from continuous air samples at the mouthpiece during measurement

of ventilatory rate, analyzed by mass spectrometry (Perkin-Eimer Corp., Model

1100A) . Spectrometer output was recorded (Gould Instruments, Inc., Model 2200)

and averaged over a 3 min period; respiration rate (RR) was counted from these

records and similarly averaged.




?S To determine the effect of simulator use and altitude exposure on
i hemoglobin concentrations and hematocrit ratios, these parameters were also
23 measured before and after the sea-level treatment period and on each morning at
gg altitude. Blood, red cell and plasma volumes were calculated from hemoglobin
ﬁ: concentration and hematocrit by the method of Dill and Costill (5).

E:‘ AMS was assessed each morning and evening at altitude in two ways. The
g? first was to ask each subject whether or not he felt sick and, if so, to what
- degree: slight, moderate or severe. The second was to collect each subject’s
:ﬁ responses to the 67-item Environmental Symptoms Questionnaire (ESQ, 20) and
%: weight them according to the method of Sampson et al. (19) for the calculation
:i of scores for the cerebral and respiratory forms of AMS (AMS-C and AMS-R,
’i respectively). By this method, AMS-C scores greater than 0.70 and AMS scores
;gf greater than 0.60 are considered to indicate iliness. Both the global question
. and ESQ methods of assessing iliness were utilized in order to maximize the
s% possibility of detecting any advantage to the experimental group.

‘“ Study design and analysis: The experiment was of single-blind design;
-~ only the experimenters knew which individuals were assigned to the experimental
g. and placebo devices. Comparisons between the experimental and control groups
g: in their ventilatory and hematological parameters were made by independent t-

test. Pre-post treatment and altitude comparisons within each group were made
by one-way, repeated measures analyses of variance, followed by Tukey HSD post-
hoc tests, if warranted. Significance of differences in incidence of AMS at
altitude between the experimental and control groups was determined by chi-
square testing, using Yates’ correction. The level of significance for all

tests was arbitrarily chosen as P ¢ 0.05.
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2
! :5 Sea-level preliminary phase: Due to scheduled breaks and unavoidable
&5‘ delays, the actual daily use of the altitude simulators was slightly less than
;5: the planned eight hours. The average period of use, for all subjects combined,
7;5 was 7.65 h for days 1-9, 7.8 h on day 10 for 8 subjects and 3.9 h on day 10 for
:ﬁv the remaining 14 subjects. The latter subjects were sent to altitude after
o lunch on day 10, rather than after supper, to increase their chances of
’i; developing significant AMS symptoms by morning.
&Eﬁ The average altitude equivalents for the experimental group over the |0-
pres day sea level treatment period, determined from the ICAD0 conversion tables
l§$ (15), are shown in Table |I. The initial readings on the morning of day |
f?i averaged 3944 * 460 m, very close to the design value of 3962 + 305 m. This

design value was not maintained by the simulator, however. The average dropped

;:j to 3295 m by noon and held generally within the range of 3200-3550 m thereafter
3§$ for the remainder of the treatment period. The average stimulus for acclimation
i? over the entire 10-day period was 3370 £+ 517 m, lower than was intended by 600
:‘E m. There was no discernable pattern to the fluctuations throughout the 10-day

. period after the reduction in altitude equivalent which occurred during day |,
either in the group mean values (shown) or the individual measurements (not

shown) .

Table |
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The resting ventilatory parameters, measured at sea l|evel before and
immediately after the period of simulator use, are shown in Table 2 for the
control and experimental groups. As expected, the control group showed no
significant changes in minute ventilation, respiratory rate or end-tidal PO
and PCOp. The experimental group showed an 11X decrease (P ¢ 0.05) in its mean
end-tidal PCOy from 38 to 34 torr, however. This was accompanied by a |5%
decrease in respiratory frequency and a |3% increase in minute ventilation.
Although the change in minute ventilation was not significant, the change in
respiratory frequency was (P ¢ 0.05); the resulting 35% increase in calculated
tidal volume was significant and was consistent with the significantly enhanced

wash-out of alveolar COsp.

Table 2

Altitude phase: Table 2 also shows the resting ventilatory measurements

at altitude. Both the experimental and control groups exhibited the expected
immediate hyperventilatory response to the hypoxia, leading to significantly
depressed end-tidal PCOy values throughout the exposure. The groups differed
only in their end-tidal PCOp values, however, with the experimental group
having the lower values. This was consistent with their lower values
throughout the sea level treatment period. The experimental group had no
obvious advantage at altitude in either minute ventilatory rate or alveolar

oxygenation as a result of their prior hypoxic exposure during the sea-leve!

treatment period.
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The AMS experience at altitude also showed the experimental group to have
no advantage. The responses to the questions, "Do you feel sick?" and "If so,
how sick?" are shown in Table 3. Seventy percent of the control group and
fifty percent of the experimental group reported some degree of feeling sick,
nowhere near being different (2 = 0.26, d.f. = |, 0.5 ¢ P ¢ 0.9). When the
degree of reported sickness was weighted on a 4-point scale (none = 0, very
sick = 3), the mean scores for those in the experimental and control groups who
got sick differed by less than one standard error (t =0.47, 0.4 ¢ P ¢ 0.7),

indicating almost identical sickness severity.

Table 3

These global reports of feeling sick were supported by calculations of
AMS-C and AMS-R scores from the severity of each individual’s symptoms reported
morning and evening on the ESQ. The most severe AMS-C and AMS-R scores for
each individual, irrespective of when they occurred during the altitude
exposure, were selected to indicate the presence or absence of AMS during the
exposure. Means were calculated from these individual peak scores for the
experimental and control groups as a whole and then for the sub-set of each
group that met the criteria for having AMS-C and AMS-R. These means are shown
in Table 4. The experimental group did not differ significantly from the
contro!l group in the mean scores for AMS-C or AMS-R, either as a whole or for

the sub-set manifesting illness. The incidence of AMS-C in the control group
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was 100%, which contradicted the responses of 30% of that group who reported
not feeling sick when asked directly. The experimental group, however,
reported similar incidence rates of AMS-C and for feeling sick. The difference
between the two groups in the incidence of AMS-C spproached, but did not reach,
significance (0.056 ¢ P ¢ 0.1). For AMS-R, the incidence was 50% in the
experimental group and 80% in the control group (not differunt); these were

very similar to the responses to the global question.

Table 4

The hemoglobin concentrations and hematocrit ratios before and after the |
sea-level treatment period and on the two days at altitude are shown in Table
5. Also shown are the calculated percentage changes in the red cell and plasma
components of total blood volume. There was a significant reduction in
hemoglobin concentration in the control group over the sea level treatment
period, with a concomitant, but non-significant, decrease in hematocrit. There
was an | 1% increase in plasma volume (P ¢ 0.05), and a 7% increase in RCV (NS),
resulting in a 9% increase in blood volume. The experimental group showed
indications of hemodilution also, but none of the measured or calculated
changes reached significance. Upon exposure to altitude, however, both groups
hemoconcentrated as expected. On the first day, the changes in total blood

volume, and the component red ceil and plasma volumes, were nearly identical in

both groups. 0On the second day, the experimental group showed the greater
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2gg The altitude simulators were used an average of 7.42 h each day, about 1/2
e h less than scheduled. This was unlikely to have markedly influenced the
'(
'ﬁﬂ results. On days 1-9, only 20 min were lost on average, by extending the
e
;ﬁf scheduled breaks to accomplish necessary face-to-face and telephonic
3; communications which were prevented by the face mask. The remaining time was
33 lost on day 10 during post-treatment measurement of resting ventilation and by
i%. those subjects sent to altitude after lunch rather than after supper. It is
;ﬁ, possible, however, that the return to normoxia every 2 h during the scheduled
.'a..
gs breaks may have inhibited the acclimation process. Continuous hypoxic exposure
0".4
ﬁr for 7.5-8 h might well have produced a different result, but the logistical
S; requirements for food and liquid intake prevented continuous exposure with the
s
Sﬁ current simulator.
S
§$ The altitude simulators functioned properly on the morning of the first
,4’ treatment day, with respect to removing 100X of the expired COp and providing
o
}bj the desired average 09. All 12 active simulators continued to remove all the
Y

expired C0p throughout the duration of the treatment period, but they did not
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continue to provide the design levels of inspired O2. The average inspired 0;
concentration rose by noon the first day, and remained elevated for the
remainder of the treatment period. This dramatically lowered the effective
altitude produced by the simulators from 3960 m to 3200-3550 m (average 3370 +
517), which clearly compromised the ability of the simulators to induce
altitude acclimation. It is possible to induce significant altitude
acclimation at 3475 m with 7 days’ continuous residence (12), but there are no
reports of acclimation with intermittent exposures to this (or any other)
altitude. Therefore, there was no way to predict either the likelihood or
degree of any acclimation which the treatment period might have induced.

The cause of the reduction in the altitude equivalent could not be i
determined from the experimental measurements. There is a single report in the
literature in which an exercise device having the same principle of operation,
but designed to produce altitudes of only 1600-1700 m, was tested for its
ability to maintain its inspired 02 concentration (1). This device was found to
produce higher inspired 07 concentrations (lower effective altitude), as
exercise intensity increased. Inspired Oy was I17.12% at 40% V0y max,
equivalent to 1670 m; 17.58% at 60% V0o max, equivalent to 1460 m; and 18.04%
at 75% V0o max, equivalent to 1250 m; these are marked changes. Because
increasing the exercise intensity increased ventilatory rate in that test, we
suspect that a negative relationship exists between ventilatory rate and the
inspired 0o concentration of this type of device. Clearly, the decreasing 02
concentration in the expired air, as exercise intensity increased, could not

account for the increasing Oy concentration in the inspired air. The increased

ventilatory rate appears to be the only other possible mechanism.
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;: Hypoxia stimulates ventilatory rate and markedly so (16). The

! experimental altitude simulators used in the current study initially induced a

i profound hypoxic stimulus equivalent to 3900 m, which, must have increased

3 resting ventilation, although it was not measured. Such increased resting

‘, ventilation could have been the cause of the increased inspired 0p

4f concentration seen after the morning of the first day. We looked for just such

5 a relationship between ventilatory rate and inspired 0o concentration in the

P, initial pilot tests of the device, but found only a slight, and apparently

:E insignificant, tendency. The tests were relatively brief, however, as they

' consisted of progressive cycle ergometer exercise (3 min bouts, in 0.5 kp

~: increments) to an exercise load that could not be sustained due to unacceptable

’; heating of the inspired air by the exothermic COp scrubber reaction. The i
¥ highest exercise load tolerated by any subject was 2.5 kp, which required only ;
" I5 min to accomplish; most final loads were 2.0 kp, requiring 12 min. Such |
‘ brief time intervals at the higher ventilatory rates may not have been long

s enough to permit the 02 concentrations to increase to a detectable level.

¢ However, the 3-1/2 h morning session on the first treatment day was certainly

i; long enough to both induce the hypoxic response (about 15-20 min) and allow the

: development of progressively higher inspired 09 concentrations in response to

! the increasing, hypoxia-stimulated ventilatory rates. Such a situation would

K also provide negative feedback to |limit the hypoxic stimulus: the higher

E ventilatory rates would reduce the level of hypoxia, which was stimulating the

L

ventilation. If such negative feedback were occurring, a relatively stable
equilibrium for the inspired Oy concentrations would be seen at levels

noticeably higher than the initial levels produced by the simulators. Higher
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and relatively stable equilibrium concentrations were exactly what was observed
throughout the course of the treatment period.

After the treatment period at sea level, the experimental group showed a
significantly lower resting end-tidal PCOp, indicating alveolar
hyperventilation. The reduction in PCOp was accompanied by a significant
reduction in RR of 16% and an increase of 13% in minute ventilatory rate.
Together these represented a significant increase of 35% in calculated tidal
volume, a large increase in depth of breathing. The corresponding change in the
calculated tidal volume of the control group was a decrease of 26%, principally
due to increased RR. The source of the increased tidal volume in the
experimental group is not readily apparent. Because the experimental and
control groups breathed through identical face masks and identical lengths of
inspired and expired air tubing, the respiratory resistance must have been
approximately equal for both groups. Neither group commented upon excessive
respiratory resistance, so it is likely that any training of the ventilatory
muscles over the ten-day period was probably slight and similar for both
groups. It cannot be determined from our measurements when the experimental
group developed their increased breathing depth, but we cannot exclude the
possibility of a "carry-over® response from the experimental hypoxia for the
short period while the ventilatory parameters were measured.

It was obvious from the ventilatory measurements that the experimental
group had no ventilatory advantage upon ascent to 4500 m altitude. At
altitude, both groups showed the expected increase in minute ventilation and
decrease in end-tidal POy and PCOy (4), with no significant differences between

them. The minor differences existing initially between the groups at sea leve!
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in POo and PCO2 were retained not only across the sea level treatment period
but also after ascent. This indicated that, contrary to the original
hypothesis, there were no major effects of simulator treatment upon ventilation
during the altitude challenge. In fact, the increase in resting ventilatory
rate seen on the first day after ascent to altitude in both groups was
statistically significant only for the control group.

Acute altitude exposure results in hemoconcentration from extravasation of
plasma water, while chronic altitude exposure results eventually in a true
erythropoesis and an expansion of totai blocd volume (6,11). Both responses are
beneficial, in that they result in an enhanced oxygen-transport capability per
unit volume of blood, at least until the point that the increased blood
viscosity interferes with the pressure-flow relationship (17). Pre-acclimation
to altitude might also induce hemoconcentration, but this study’s results
indicated that simulator use at sea [evel did not induce such a response. In
fact, PV, RCV, and total blood volume actually increased slightly in both
groups, with the numerically greater increase in the control group. Upon ascent
to altitude, both groups showed the expected hemoconcentration, and to a
similar degree. This indicates that the (esser degree of hemodilution of the
experimental group at sea level did not affect the ability to hamoconcentrate
later at altitude.

Proof of acclimation, of course, was to be found in the AMS experience at
altitude, not in any intervening ventilatory or hematological variables. In
that regard, there were no significant differences in incidence of AMS between
the experimental and control groups in either the global sickness experience or

in the AMS-C and AMS-R scores calculated from the individual symptoms of the
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ESQ. When just those who became ill were considered, the severity scores of
the experimental and control groups were nearly identical. This is not to say

that the experimental group may have received no benefit at all from the sea
level treatment, however. The incidence of AMS, however messured, was always
less in the experimental group than in the control group. For AMS-C, the
difference approached, but did not reach, significance. Furthermore, the
incidence of AMS-C and AMS-R in the experimental group appears to have been
lower than that usually observed in untreated subjects exposed at 4570 m for 48
h in our hypobaric chamber. In a pooled sample of 25 different subjects at the
identical altitude for 48 h(2), the incidence of AMS-C was 88% (95% confidence
interval 75-100%) while that of AMS-R was 84% (95% confidence interval 69-99%).
The control group in the present study had AMS-C incidence of 100% and AMS-R
incidence of 80%, which were within the confidence intervals. The experimental
group, however, had AMS-C incidence of 58% and AMS-R incidence of 50%. These
both lay outside their respective confidence intervals and suggest that a
slight degree of altitude pre-acclimation may have occurred in the experimental
group, despite the lack of any significant difference from the control group.

It thus appears that the experimental altitude simulators were, at most,
of only marginal benefit in reducing AMS symptomatology under the 7.5-h per
day, |0-day treatment regimen used. Further, the devices failed to induce any
ventilatory or hematological pre-acclimation. This was most disappointing, as
anecdotal information (unpublished) from a number of trials by personnel of
this laboratory have shown that 3-4 days exposure of 4,5 or 6 h duration at
4300 m on Pikes Peak will enable most individuals to remain there anywhere from
16 to 48 h without developing severe symptoms of AMS (moderate headache
excluded) .
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The current study cannot rule out the possibility that a longer or more
intense acclimating stimulus might have better effect. Designing a longer
acclimating regimen appears to present a number of obstacles, however. It is
difficult to envision any treatment regimen which eliminates the scheduled
breaks to provide a more continuous stimulus. It is similarly difficult to see
how exposures during the acclimating period could be extended, either in
duration or number. Ten consecutive days of relative inactivity for a major
portion of one’s waking hours would appear to be the maximum period that
possibly could be devoted to acclimation immediately before an ascent. The only
feasible way to increase the acclimating stimulus appears to be redesigning the
altitude simulator to tightly maintain an altitude equivalent in the 3960-4300
m range, despite the anticipated hypoxic ventilatory response. Even then, it
is likely that any feasible treatment regimen would result in only partial pre-

acclimation at best. Staging at appropriate altitudes during the ascent still

appears to be the technique of choice to minimize the incidence and severity of

ANMS .
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FIGURE LEGEND

Figure 1. Portable altitude simulator. Expired air from oronasal mask is
ducted through left tube to fixed port above left mixing chamber, where portion
is vented to atmosphere. Remainder is swirled with ambient air in mixing
chambers on next inspiration and then drawn through CO> scrubber into right
tube on succeeding inspirations. Direction of flow is controlled by one-way

valves at base of tubes.
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e Table 1: Altitude equivalents (mean = SD) of inspired Pgo

8 during 10-day SL preacclimation of Experimental Group (n=12).

a?j Equivalents based on ICAD tables (15).

" Altitude Equivalent (m)

o _ Morning Noon Afternoon

: *2, Day (0730-0800)  (1215-1245)  (1545-1615)
i

-

3944 = 460 3319 + 616 3423 + 649

LAk
b & o
[

[

y 2 3298 + 533 2770 + 984 3200 + 558

‘*:f; 3 3310 + 515 3322 + 509 3520 + 692
"2 4 3423 + 350 3286 = 509 3313 + 332
’h 5 3380 + 396 3380 + 521 3374 + 555
"3;' 6 3170 + 491 3380 + 549 3557 = 521
‘:}t 7 3240 + 475 3526 + 405 3539 + 482
‘ " 8 3505 + 405 3475 + 387 3603 + 369
9 3438 + 326 3231 = 500 3155 * 631
f{i‘ 10 3322 + 266 3289 + 597  (NOT DONE)
’J'» AVERAGE 3405 + 430 3295 = 579 3409 = 546
ko
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2 s R T AR T N N




hdie At aaa ot b o i g Ladd ada s L2l oay oo

3

.

- Table 2: Resting ventilatory parameters (mean + SE) before and after

& 10-days’preacclimation with simulators and after 1 and 2 days at 4572 m

L; altitude. EXP = Experimental Group, CON = Control Group.

N,

‘: Parameter Group Pre-acc| Post-acc| Alt 1 Alt 2

4

:5 VE gTPs (L/min) EXP 14.6+2.1 16.5+1.5 18.6+1.9 16.5+0.4

‘ CON 16.3+1.8 14.3+1.1 § 16.4+1.2 17.7+1 .4
RR (breath/min) EXP 15.5¢0.9 0 13.0+1.2 14.5+1.0 14.8+1.6

:S CON 12.6+1.8 14.9+0.9 17.1£1.6 165.3#1.2
Po2 T (torr) ExXP 121.423.3 121.6+3.1 § 55.9+2.5 56.6+3.8

; CON 116.0+2.8 113.9+2.7 § 51.422.2 53.8+2.8

,? Pco2 T (torr) EXP 38.1¢1.9 0 34.0+1.8 §» 25.3:1.4 25.6+1.4

;; CON 41.7+1.2 39.2+1.2 § 28.3+1.2 27.2%0.6

C

)

3

0: Pre-accl # Post-accl, p ¢ 0.05.

$: Post-accl # Alt 1, p ¢ 0.05.
«: EXP # CON, p ¢ 0.05.
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Table 3: Self-ratings for "feeling sick™ (maximum

3 experienced at any time during altitude exposure). a

s Assigned
o Rating Value EXP CON

e Not Sick 0 6 (50%) 3 (30%)
Slightly Sick 1 3 (25%) 2 (20%)

0 1 (10%)
Very Sick 3 (25%) 4 (40%)

Mean Score (all) = SE 1.0¢0.4 1.6+0.4

5

Mod. Sick

X
w N

S A

Mean Score (sick) # SE 2.0¢0.4 2.3+0.4

(N S

.v

12(sick-not sick) = 0.26, 0.5 < p < 0.9

25 AR

?‘.

22




Table 4: Group means for peak levels of cerebral and

respiratory forms of acute mountain sickness (AMS-C and

AMS-R, respectively) during two-day altitude exposure.

SICK & WELL
Number
Mean Score
SE
t-score

p-value

SICK ONLY
Number
Mean Score
SE
t-score

p-value

Sickness Incidence

X2 (sick-not sick)

p-value

AMS-C
BP cP CON cp
12 10
1.60 2.61
0.43 0.38
1.64, df = 20
0.1 ¢p<0.2
7 10
2.83 2.61
0.45 0.38
0.38, df = 15
0.7<¢p<(0.8
58% 100%
3.27, df =1

0.06 ¢ p (0.1

MK I RN A Q
A AN l‘."’gtl?.:{.j RRUNRAY)

AMS-R
ExP_GP CON GP
12 10
1.05 1.38
0.18 0.22
1.12, df = 20
0.2¢p<0.3
6 8
1.54 1.60
0.21 0.21
0.25, df = 12
0.8 ¢p (0.9
50% 80%
1.02, df = 1
0.1¢p<O0.5
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Table 5: Hematologic changes with preacclimation at sea level and on
the two mornings at altitude, calculated from hemoglobin concentration
and hematocrit ratio by the method of Dill and Costill (4).

Sea |eve! Altitude
Parameter Group Pre-acc! Post-accl Day 1 Day 2

Hemoglobin (mg/dl) EXP 14.420.8 13.920.8 14.9+0.7#s  15.42]1 .0+
CON 14 .420.7+s 13.2:0.8 14.3+0.7#%  14.320.9+»
Hematocrit (%) EXP 48.0+2.6 48.3+2.3 50.842.9ss 52,923 34=
CON 47.9:3 .4 47.0+3.0 48.3+2.7 49.123.8 =

A Blood vol (%) EXP +3.6 -6.7 -9.7
CON +9.1 -7.7 -7.7
A Red cell vol (%) EXP +4.5 -2.9 -1.1
CON +7.0 -5.2 -3.6
A Plasma vol (X) EXP +2.8 -10.3 -17.8
CON +11.0 -9.9 -11.3

s: different from Post-accl, p < 0.05

s+: different from Post-accl, p ¢ 0.01
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